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Simulation of Membrane and Cell 
Culture Permeability and Transport




• Models of microscopic membrane kinetics
• Calculation of membrane entry and exit 
kinetics.
• Simulation of passive permeability
• Application to efflux transporter Pgp
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Epithelial Cell Permeability Assay












only the partitioning in and out of the membrane
no concentration gradients
the concentration equilibrium in each compartment reached instantaneously
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Addition of diffusion through unstirred water layer (UWL) in donor 
and acceptor compartments concentration equilibrium in bulk aqueous phases 
and membrane - instantaneous






Donor UWL (UD) Membrane (M) Acceptor UWL (UA)
ki cN
ko cN
Extended model 2 - model currently in use
Addition of ionization of compounds
Assume the diffusion through the aqueous phases is the same for 
neutral and ionized species partitioning into the membrane - only non-ionized 
species.



































cU-total concentration of the drug in the 
membrane vicinity
cN-concentration of un-ionized species
a and b - acidic and basic pKa
i and j- number of acidic and basic pKas
x - acceptor or donor (pH in acceptor and 




• Kansy, M. et al., J. Med. Chem. 41(7):1007 (1998)
– 1-20% phosphatidylcholine (PC) in hexadecane
• (BAMPA) (Sugano K., et al., Int. J. Pharmaceut. 
228:181 (2001)
– biomimetic lipid composition similar to intestinal brush 
border membrane.
– PC (0.8%)
– Phosphatidylethanolamine (PE, 0.8%)
– Phosphatidylserine (PS, 0.2%)
– Phosphatidylinositol (PI, 0.2%)
– Cholesterol (CHO, 1.0%)
• Collander R. Acta. Chem. Scand., 5:774 (1951)
– logPPC/water = log(α) + β logPoctanol/water
– with parameters: α=15 and β=0.73 and R2≈0.73
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Membrane Kinetics
Prediction of rate constants ki
and ko for partitioning to 
and out of the membrane. 
Using the relationship and 
parameters (γ =0.48 and δ
=0.286) from Kubinyi: 
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Theoretical Lipid Diffusion as 






Pe calculated using DL modeled by theoretical relationship 
between DL and logPo/w for HBD=0 and HBD=3
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Membrane Accumulation for high log P molecules.
Dvorsky-Balaz J. Theor. Biol.185:213 (1997)
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Membrane Accumulation for high log P molecules.




• log D9.4 = 3.14 (Langguth)
• Basic pKa = 9.8 (QMPRPlus)
• Composite Pgp Km = 412 μM (149 μg/mL)
– Two sites high (72 μM) and low (1570 μM) (Langguth)
• Solubility = 1.23 mg/mL (pH = 7.4) (Gramatte)
• Peffrat = 0.5 x 10-4 cm/s (Langguth)













Image J Analysis of Pgp Micropig




Western blot of Pgp-1 from 
proximal to distal SI
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Pgp expression in human SI
Mouly, S., Paine, M.F. PharmRes-20(10):1595-1598 (2003)
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Talinolol Non-linear Dose Dependence
Talinolol Dose Dependence

























25 mg Cmax = 35.1 ng/mL
50 mg Cmax = 105.8 ng/mL
100 mg Cmax = 226 ng/mL
400 mg Cmax = 1032 ng/mL
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Regional Window for Absorption
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ATP-Binding Cassette Protein Msb (1JSQ) from E. Coli
Chang, Science 293:1793 (2001)
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ATP-Binding Cassette Protein Msb (1JSQ) from E. Coli
Chang, Science 293:1793 (2001)
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25 and 400 mg Talinolol po
Data from: de Mey, C., J. Cardiovasc. Pharmacol. 26(6):879 (1995)







GastroPlus PK PD 
- Simulation of 
Talinolol Effect on 
Heart Rate
Tubic M, 2006 in press.
GPEN, Kansas, 2006
Conclusions
• Membrane and cellular simulations can 
improve our understanding of absorption.
• Membrane concentration is important for 
calibration of in vitro transporter kinetics.
• The present state-of-the-art provides useful 
(not perfect) simulations.
